The mass spectra of several pyrazaboles of type 1 (R = H) have been studied. The data illustrate that electron impact causes three major fragmentation patterns for the species. Symmetrical cleavage of the pyrazabole followed by further breakdown is common to all compounds. In addition, those pyrazaboles containing H or CH3 at the C atoms of the pyrazole rings undergo an electron impact-induced rearrangement which appears to result in the formation of a species containing a B2N3 ring as a structural entity; subsequent breakdown leads to a B2N2 ring system. The mass spectra of halo-or pseudohalo-substituted pyrazaboles evidence the ready loss of hydrogen halide as a predominant feature; no rearrangement ions are observed.
Introduction
The condensation of pyrazole and its carbonsubstituted derivatives with aminoboranes or triorganylboranes yields dimeric (l-pyrazolyl)boranes The molecular weight values listed above are those for the monoisotopic species using boron-10, carbon-12, nitrogen-14, chlorine-35 and bromine-79, respectively; the above numbering of the compounds will be used throughout the ensuing discussion. The unusual chemical stability of the pyrazaboles (which may be viewed as aminoborane derivatives) is illustrated by the fact that substitution reactions at the carbon sites of the species are readily effected without destruction of the heterocyclic B-N skeleton. The name "pyrazabole" is commonly used for compounds of type 1. A wide variety of pyrazaboles has been synthesized, the compounds are well characterized by analytical data, and an X-ray diffraction study on one representative compound has been published 3 . However, no mass spectral data for any pyrazabole have been reported. In the following a first study on the fragmentation pattern of pyrazaboles under electron impact is presented; however, it is limited to pyrazaboles of type 1 where R = H.
Results and Discussion
The appearance potential for the parent (P) minus one peak for 1 a was found to be 9.3 eV, that of P-l for compound 1 c was found to be 9.4 eV. In general, if no parent peak is observedin the mass spectrum of a compound one can assume that for the ionization potential IP the relationship IPP_I > IPp +1V holds. On that basis the ionization potentials of la and lc approximately 8.3 and 8.4 eV, respectively, suggesting that the pyrazaboles have aromatic character.
The mass spectrum of 1 a is depicted in Fig. 1 ; ions of a relative abundance greater than 4.5% of the base peak are tabulated in the experimental section.
XLLA
M/Z -fr The data seem to indicate that the parent ion at M/z 158 can lose up to three hydrogen atoms quite readily as is quite evident from the following monoisotopic data:
Composition
Relative The ions centered about M/z 78 are indicative of symmetrical cleavage of the parent molecule accompanied by loss of hydrogen or they may indicate the double-charged species of the parent ion region.
The region of M/z 132 to 129 is of particular interest since these ions appear to contain two boron atoms but only three nitrogen atoms. Although the peaks are of only moderate intensity in the 70 eV spectrum of the compound, low voltage spectra show an increase in the intensity of these peaks which have an appearance potential near 10 eV. In order to clarify the fragmentation process and to obtain a reasonable identification of these peaks, a metastable search was conducted. The computer-processed metastable transitions observed for 1 a are as follows (g = ratio of sector voltage to gate voltage, gate voltage = 376.6 eV; m* = mass of metastable): The preceding data indicate that in the mass spectral breakdown of la at least two major processes are occurring. One of these is the loss of a neutral mass 15 from the parent ion region and it seems to involve the loss of a CH fragment of a pyrazole ring in addition to the loss of two hydrogens. The major process, however, is the loss of from 26 to 29 mass units from the parent pyrazabole. The lost neutral species may be viewed as CN (M/z 26), HCN (M/z 27), HCN + H (M/z 28) and HCN + 2H (M/z 29). (Note: Metastable transitions with the elimination of two neutrals have been observed in other heterocycles 4 .) The rearrangement process suggested to account for the neutral loss is the formation of an ion involving a B2N3 ring system as shown in structure 2.
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Further fragmentation appears to produce the ions in the region M/z 104, for which a structure such as 3 is proposed:
The suggestion of an electron impact-induced rearrangement to yield a cyclic B2N3 system is not so surprising; recent data strongly suggest that such a species may be one of the more common and chemically extremely stable heterocyclic system involving boron and nitrogen as annular atoms 5 ; four-membered B2N2 ring systems of type 3 are also well known 6 . The following Scheme 1 summarizes the major mass spectral fragmentation of the (monoisotopic) parent pyrazabole la that occurs besides the symmetrical cleavage of the molecule. Ions appearing in the mass spectrum of 1 b with a relative abundance greater than 4.5% of the base peak are tabulated in the experimental section. The common features of the spectrum of 1 b with that of 1 a are the intense parent ion region, the apparent symmetrical cleavage of the molecule and the loss of CN fragments as discussed above. The species corresponding to the formation of 2 (above) and containing the B2N3 heterocyclic system appears to be present in the M/z 158 region. A prominent feature of the spectrum of 1 b is the large number of doubly-charged ions and their high intensity.
The features of the spectrum of 1 c in common with that of la are also the observation of an intense parent ion region and the presence of ions corresponding to a symmetrical cleavage of the compound. The isotope pattern for two chlorine atoms fits the observed pattern; if one substracts for the boron isotope contribution, the observed intensities are within the experimental limits of the calculated values.
The differences between the spectra of 1 a and 1 c are threefold. Firstly, the parent readily loses HCl to form the ion at M/z 191; secondly, the symmetrical cleavage product loses BH2 to form the chloropyrazole ion at M/z 102; and thirdly, the rearrangement ion postulated in the fragmentation of 1 a and 1 b is not observed in the spectrum of 1 c.
Similarly, the mass spectrum of 1 d again features an intense parent ion region and gives evidence for the symmetrical cleavage of the molecule under electron impact. As is the case for the fragmentation of lc, a rearrangement ion corresponding to 2 does not seem to be formed. Rather, the loss of CN or HCN from an exocyclic position seems indicated and the general breakdown pattern resembles that of 1 c. Since CN and Cl are isoelectronic this observation is not surprising.
The mass spectrum of 1 e is essentially similar to that of 1 d. The isotopic pattern for two bromine atoms is clearly observed in the parent ion region. The increased fragmentation as compared to that of 1 d suggests a destabilizing effect of the bromine on the pyrazabole ring structure.
In the mass spectrum of 1 f a drastic decrease in the number of significant peaks as compared to the spectrum of la can be noted. However, the ion corresponding to the symmetrical cleavage of the molecule gives the second most intense peak; the rearrangement ion corresponding to 2 is also seen though in much lower intensity than in the spectrum of 1 a.
The mass spectrum of lg is remarkably similar to that of 1 a and 1 f though the number of significant peaks is still smaller than in the spectrum of the latter. Besides the intense parent ion region the most apparent feature is the region about M/z 121 corresponding to the doubly-charged species and the product resulting from the symmetrical cleavage of the molecule. The ion corresponding to the rearrangement process discussed for la is also observed though only with a relative intensity of 3.25%.
Summarizing the experimental observations there are three major fragmentation patterns occurring in the mass spectra of pyrazaboles:
Common to the mass spectra of all compounds of type 1, regardless of the nature of the substituents X or Y, is the observation of ions corresponding to the symmetrical cleavage of the molecules. This observation suggests that it should be possible to prepare monomeric (l-pvrazolyl)boranes in the presence of an appropriate stabilizing agent. So far the only known example of a monomeric species is the trimethylamine adduct of 3,5-bis(trifluoromethyl)pyrazolylborane 7 .
Compounds of type 1 with X and/or Y = H and/or CH3 not only undergo the electron impact-induced symmetrical cleavage of the molecule but also rearrangement processes. Initially, one of the pyrazole rings rearranges with the loss of C and N besides hydrogen atoms to form ions which appear to have the principal structure of 2. Such a rearrangement process seems to be repeated and 3 is postulated to arise from this second step which is, however, of very minor intensity. With increasing number of CH3 substituents, the pyrazole moiety of the compounds seems to become more stable toward electron impact. This is illustrated by the decrease in the number of significant ions in the spectra and the observation of ions corresponding to the various methylated pyrazoles. In the spectrum of 1, X = Y = CH3, this is clearly evident from the low intensity of only 3.3% for the ion corresponding to the cited rearrangement process.
In the mass spectra of the pyrazaboles of type 1 with Y = C1, Br or CN no rearrangement ions are observed. Besides the symmetrical cleavage process the molecules readily lose one HY species from the parent as the second major fragmentation process. The ions resulting from the symmetrical cleavage process also appear to fragment readily with the loss of either HY or of boron moieties. 
Experimental Section
All compounds used in this study were prepared using previously published procedures 2 . Mass spectral data were obtained with a double-focusing Hitachi-Perkin-Elmer RMU-8 instrument at an electron beam energy of 70 eV. Metastable transitions were studied using the electric sector voltage variation method 8 -9 ; appearance potentials were determined using the energy compensation technique 10 , the energy sale was calibrated with Xe(I) 12.13 eV.
The following polyisotopic mass spectra were obtained (only the ions with a relative abundance greater than 4.5% of the base peak are listed; M/z values, relative abundance in parentheses):
la: 160(8.3), 159(100), 158(61.5), 157 (56.0),
